The 2014 Kefalonia earthquake sequence started on 26 January with the first main shock (M w 6.1) and aftershock activity extending over 35 km, much longer than expected from the causative fault segment. The second main shock (M w 6.0) occurred on 3 February on an adjacent fault segment, where the aftershock distribution was remarkably sparse, evidently encouraged by stress transfer of the first main shock. The aftershocks from the regional catalog were relocated using a 7-layer velocity model and station residuals, and their distribution evidenced two adjacent fault segments striking almost N-S and dipping to the east, in full agreement with the centroid moment tensor solutions, constituting segments of the Kefalonia Transform Fault (KTF). The KTF is bounded to the north by oblique parallel smaller fault segments, linking KTF with its northward continuation, the Lefkada Fault.
INTRODUCTION
On 26 January 2014 an M w 6.1 earthquake occurred in the western part of Kefalonia Island, the most seismically active region in the Aegean and surrounding areas (Fig. 1) . The activated area is part of the Kefalonia Transform Fault Zone (KTFZ), ~100 km long, consisting of the Kefalonia and Lefkada Fault branches, and linking the continental collision with the oceanic subduction zones, in the Ionian Sea (Greece). Scordilis et al. (1985) first suggested that the 1983 Kefalonia earthquake (M 7.0) had a dextral strikeslip mechanism. The mainly strike-slip motion of the Kefalonia Fault was confirmed by waveform modeling for the 1983 earthquake by Kiratzi and Langston (1991) and for the 17 September 1972 earthquake (M 6.3) by Papadimitriou (1993) . Later on, Louvari et al. (1999) investigated the strike slip nature of both Kefalonia and the adjacent Lefkada Fault branches, with maximum reported earthquake magnitudes of 7.4 and 6.6, respectively (Papazachos and Papazachou 2003) . The fault zone follows the submarine Kefalonia valley, west of the island chain from Lefkada to Kefalonia. The southern prolongation of the KTFZ was shown by seismic line data and fault plane solutions located south of Kefalonia in the Ionian abyssal plain (Kokinou et al. 2006) . For this region complete historical information exists for strong (M 6.5) earthquakes in the last five centuries, revealing an average of about one such shock per decade (Papadimitriou and Papazachos 1985) . These events have repeatedly destroyed urban areas, producing extensive damage and loss of life, with the most severe one being the 1953 paroxysm with four events (9 August, M 6.4; 11 August, M 6.8; 12 August, M 7.2; 21 October, M 6.3) that almost completely destroyed structures on Kefalonia Island.
The 2003 Lefkada sequence was the key event for the installation of a local network that provided for the first time the proper data for a detailed investigation of the activated main rupture (Karakostas et al. 2004) , and the activation of secondary structures, which are capable to produce moderate to major earthquakes, thus necessarily to be taken into account in the seismic hazard assessment (Karakostas 2008, Karakostas and . Accurate microseismicity locations, derived from the recordings of a local network installed and operated on the two Islands (Kefalonia and Lefkada) in [2007] [2008] , clearly agree with the historical seismicity distribution and extent along the western coasts of both Islands, being located, however, closer to coastlines or onshore . Seismicity relocation performed for the purpose of the current study, further confirms this activity location. It is worth to note that during the last period (2007-2014, epicenters shown in red in Fig. 2 ) the area hosting the 2014 sequence was free of epicenters.
The current seismic excitation is the result of right lateral shear strain accumulated on a zone of weakness, which abuts and slightly overlaps the rupture area of the 1983 main shock (M 7.0). Both 2014 main shocks and the activated area in general, are located inside stress enhanced areas revealed by the application of the stress evolutionary model (Papadimitriou 2002) . The spatio-temporal properties of the sequence, giving more insight to the seismotectonics of this part of the active boundary, reveal the activation of three separate fault segments: the two dextral fault segments almost northsouth striking and steeply east-dipping being associated with the two main shocks, along with the ENE-WSW striking also dextral lineaments that form a step-over transfer zone. 
RELOCATION -MAIN SHOCKS AND AFTERSHOCKS SOURCE PARAMETERS
The earthquakes of the 2014 Kefalonia seismic sequence were located using waveform data from stations of the Hellenic Unified Seismological Network (HUSN) and accelerometers operated in the epicentral area by the Institute of Engineering Seismology and Earthquake Engineering (Fig. 3) , whereas seismograms readings were carried out by the staff of the Geophysics Department of the Aristotle University of Thessaloniki. The P-waves velocity model (Haslinger et al. 1999 ) was used for this purpose (Table 1 ) -Wadati Fig. 3 . Locations of the seismological stations (green polygons) of the Unified Hellenic Seismological Network and accelerometers (yellow squares) of the Institute of Engineering Seismology and Earthquake Engineering, installed and operating on Kefalonia Island, and used for aftershock relocation, near the activated fault segments which are shown by black line. The inset map shows the additional stations of the regional seismological network, recordings of which are also used. (Klein 2000) . The azimuthal coverage and the density of the seismological network is satisfactory, controlling adequately the calculated epicenters and focal depths. Several of the stations are inside or very close to the epicentral area, ensuring significantly accurate locations. Time corrections were calculated for all seismological stations, following a procedure of successive iterations until the changes in the calculated time corrections become negligible. In this way lateral variations, which are not included in the 1D velocity model, are taken into account (Karakostas et al. 2012 (Karakostas et al. , 2014 . The data obtained were relocated using the double difference technique (Waldhauser and Ellsworth 2000, Waldhauser 2001) . From 1180 earthquakes analyzed until 16 February 2014, 1150 (97%) were relocated, using the catalog data for both P-and Sphases applying the conjugate gradients method (LSQR, Paige and Saunders 1982) . Results were obtained performing 25 iterations by applying distance and misfit weighting after the fifth and tenth iterations, respectively. The aftershock distribution (Fig. 4) for a 22-day period (26 January -16 February 2014, 1180 earthquakes) reveals a seismic zone trending almost NNE-SSW, parallel to the main axis of the Paliki peninsula, as well as to the north offshore area in Myrtos gulf. The two main earthquakes of the sequence (M w 6.1 and M w 6.0, shown as stars) occurred in the southern and the central part of the peninsula, respectively. The seismic sequence started at the southern part of Paliki with the first strong earthquake (M w 6.1, GCMT solution: strike = 20°/dip = 65°/rake = 177°). In the first 24 hours aftershock activity, particularly earthquakes with M > 4.0, is concentrated on an area of about 13 km long, starting from the southern coasts of Paliki and going to the north (Fig. 5a ). Further north of this area, up to the northern coasts of the peninsula, seismicity is comparatively low with a lack of M > 4.0 events (inside the ellipse of Fig. 5a ). In the southernmost part of the low activity area the second main earthquake occurred on 3 February 2014 (Fig. 5b) . The aftershocks in the first 24 hours after the second strong event (encompassing in the ellipse in Fig. 5b ) are less in number and of smaller magnitudes, in comparison with the first 24 hours activity following the first main shock. However, the seismic zone maintains its dimensions as in the first day of activity, which along with the GCMT focal mechanism (strike = 12°/ dip = 45°/rake = 154°) indicate a 10 km-long rupture just north of the first one.
The low activity observed in the rupture area of the second main event soon after the initiation of the sequence, persisted even after the occurrence of the second main shock, implying an asperity that remained locked after the first main shock and that was broken completely during the second main shock. Low seismicity provides evidence for the lack of other smaller faults in this area. The high seismicity in the southern zone, the area associated with the first rupture and the strong aftershock of M 5.5 (occurred on 26 January at 18:45, GCMT solution: strike = 11°/dip = 45°/rake = 120°), could be explained as a result of the main rupture, the existence of smaller faults in the area and the stress transfer after the second strong earthquake. Seismicity in the northernmost (offshore) part of the zone is continuous since the beginning of the sequence, which could be considered as a consequence of triggering of smaller faults in this area. Fig. 6 . Cross section normal to the orientation of the aftershock activity. The symbols size is proportional to the earthquake magnitudes. The three larger symbols correspond to earthquakes in the magnitude ranges of 4.0-4.9, 5.0-5.9, and 6.0-6.1. Figure 6 shows a strike normal cross-section encompassing the aftershocks of both main events. Earthquakes that occurred offshore to the north are not included, since according to our interpretation they are associated with other smaller faults with orientations different than that of the main structure associated with the two main earthquakes. The aftershock zone extends in the range of 2-18 km, dips sharply to the ESE, with the first main shock focus at its lower part. The second main shock occurred at a depth of 7 km, which is probably the reason for the very high values of recorded accelerations. In addition to the main structure, which is delineated clearly from the space distribution of the aftershocks with M 4.0, in the cross section the activation of other smaller faults is revealed by the space distribution of the lower magnitude earthquakes as a consequence of the stress transfer due to the coseismic slips of the main shocks. Although it is not completely clear, the strong M 5.5 aftershock probably occurred on a patch of the main rupture being located between 13-16 km, perhaps in the transition ductile part of the seismogenic layer.
FAULT MODEL
Strike-slip faults are commonly segmented at all scales, typically in the form of en échelon, non-coplanar faults separated by offsets (or step overs). In our case the step-over zone accommodates continued strike slip displacement between the Kefalonia Fault to the south, and the Lefkada Fault to the north (Fig. 7) . This zone comprises smaller parallel fault segments, WSW-ENE striking, almost perpendicular to the T-axis orientation at this site, thus controlling the extensional deformation. This set of the closely-spaced parallel seismic lineaments is considered to define strike-slip duplexes and forms a typical transfer zone, between the major Kefalonia and Lefkada Fault segments (shown in Fig. 2) , with stepped strike-slip faults and bending in the orientation of the Kefalonia and Lefkada Faults.
In addition to the manifestation of the transfer zone which sheds light on the deformation pattern in the study area, one important component for seismic hazard assessment in particular, is that rupture terminates at this locus, and does not continue further northward. This is repeatedly documented by historical accounts (Papazachos and Papazachou 2003) evidencing that strong earthquakes are associated either with Lefkada or Kefalonia Fault branches separately. The activation of the two branches appeared to be synchronized several times in the past as a result of stress transfer between them (Papadimitriou 2002) . One can then assume that the rupture extent has an upper limit that is controlled by the presence of this structure forming bends and stepped strike slip secondary faults, where the orientation of the main fault is deflected. Fig. 7 . Aftershock activity (circles) along with inferred fault traces and strong earthquakes fault plane solutions shown as equal area lower hemisphere projections. The compressions quadrants of the stronger earthquakes of the sequence are shown in red. The off fault aftershock activity forms a transfer zone of extensional step overs that connect the Kefalonia Transform Fault to the south with the Lefkada Transform Fault to the north.
COULOMB STRESS TRIGGERING
The Coulomb stress change patterns resulting from the two main shocks are shown in Fig. 8 . The change in Coulomb failure function (ǻCFF) depends on both changes in shear stress, ǻĲ, and normal stress, ǻı, and takes the form ǻCFF = ǻĲ + ȝ(ǻı + ǻp), where ǻp is the pore pressure change within the fault, and ȝ is the friction coefficient which for dry model ranges between 0.6 and 0.8 (Harris 1998 and references therein) . Throughout this study we ignore the time-dependent changes in pore fluid pressure and consider only the undrained case (Beeler et al. 2000) , meaning that ǻp depends on the fault-normal stress whereas the fluid mass content per unit volume remains constant. Induced changes in pore pressure resulting from a change in stress under undrained conditions, according to Rice and Cleary (1976) are calculated from ǻp = -B(ǻı kk /3), where B is the Skempton's coefficient (0 B 1) and ǻı kk indicates the summation over the diagonal elements of the stress tensor. We consider a ȝ = 0.75 and B = 0.5, which are close to the case of taking an apparent coefficient of friction ȝƍ = 0.4 suggested by Papadimitriou (2002) who tested different values of ȝƍ for the study area. The shear modulus and Poisson's ratio are fixed as 3.3 × 10 5 bars and 0.25, respectively. The fault dimensions were defined according to the epicentral distribution and GCMT solutions, as mentioned in a previous section. The centroid moment tensor solutions were adopted for both the faulting type and the value of seismic moment (http://www.ldeo.columbia.edu/~gcmt/). The coseismic slip was then calculated from seismic moment and fault area for both events and the calculations were performed at a depth of 9 km. Figure 8a evidences high positive stress changes at the location of the northern fault segment, which probably was enhanced and triggered to failure seven days later. The second main event epicenter in particular is located at the southernmost edge of the activated segment, where stress changes have attained the highest positive values (more than 10 bars). The north positive lobe also encompasses the cluster associated with the step over transfer zone. Figure 8b shows that ǻCFF continues to increase at the offshore area; nevertheless, paucity in M4 events is observed. Such aftershocks are enhanced in the southern zone instead.
DISCUSSION AND CONCLUSIONS
The 2014 Kefalonia doublet (M w 6.1 and M w 6.0) with the two main events being separated by seven days in time and about 10 km in space was accommodated by the area comprising Paliki Peninsula and continued offshore northwards, extended over 30-35 km. The rich aftershock production and the spatiotemporal occurrence pattern shed light on the kinematic and structural properties of the activated portions of the KTFZ. The two activated fault segments are compatible with dextral shearing along the Kefalonia Fault branch, the southern portion of which last failed in 1983. The 2014 seismic sequence may be then considered as the spatial continuation of the 1983 sequence with partial coincidence. The aftershock distribution, which ex-panded up to the northernmost part of the activated area in one day, exhibits a comparatively less active patch, where the second main rupture was accommodated. The aftershock area can be divided into three rupture zones. The southern zone, extending from the first main shock epicenter, covers the southern half of the almost N-S elongated Paliki Peninsula. The second rupture zone starts just north to the first one, evidencing along strike stepping fault segments. To the north of the second zone limit at the northern coast of Paliki and offshore further northwards, a dense cluster appeared almost contemporaneously with the first main shock occurrence. The cluster comprises several M 4.0 earthquakes with their number dramatically decreasing after the second main shock occurrence, and can be decomposed in a branch of WSW-ENE striking parallel lineaments.
Both main shocks express north-south dextral strike slip motion, whereas the northern cluster comprises WSW-ENE trending parallel lineaments also of oblique strike-slip motion, dextral with normal component. This constitutes one of the main findings of the current analysis, providing evidence of a transfer zone linking the Kefalonia Fault branch with the Lefkada dextral strike-slip fault branch, which constitutes the northward continuation of Kefalonia Transform Fault Zone.
We used the GCMT focal mechanism solutions and aftershock relocations to construct the source models for calculating the static stress changes due to the two main shocks' coseismic slips. Each earthquake alters the state of stress in its surroundings, and it is advantageous for seismotectonic and seismic hazard recognition purposes to discuss the issue in association with the seismicity manifestation. The offshore cluster triggered by the first main shock occurred in an area where the positive Coulomb stress changes were found to be greater than 0.2 bars, and presented an intense activity encompassing tens of the located aftershocks, several of them having M 4.0. This intense activity lasted for about five days and decreased dramatically after the second main shock occurrence, although positive stress changes are accumulated to the ones created by the first main shock. This provides first evidence that the potential of this relay zone cannot exceed moderate magnitude earthquake occurrence. The short duration of the occurrence of stronger aftershocks, might also be the characteristics of the relay zone. The area of Myrtos gulf is characterized by a large number of small magnitude earthquakes in the aftershock period as well as in the last 40 years seismicity (Fig. 2) . The area exhibits high activity after the earthquake of magnitude M 5.7 in 2007. This behavior of seismicity and the absence of any known strong earthquake in the area is an evidence of aseismic movement in the area, which should be investigated using more data. The small magnitude earthquakes are a consequence of rupture of minor geometric anomalies on small faults having different orientations than the main tectonic line. Most importantly, the later observations set the boundary of the northern extent for the ruptures being originated along the Kefalonia branch of the KTFZ. It also constitutes a major issue for the area's seismic hazard assessment, since it truncates the upper bound of maximum expected earthquake, which is not anticipated to be associated with a rupture exceeding this site to the north.
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